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res i s tance
Levin
SUMMARY AND GENERAL CONCLUSIONS
In th is  thesis  several  mathemat ica l  model-s  are formulated.
to analyse the populat ion dynamics of  p lasmids.  Fur thermore
i - t  i s  i nves t i ga ted  how se lec t i on  a f f ec t s  t he  cha rae te r i s t i cs
of  the populat ion dynamics of  p lasnids.  In  the Int roduct ion
(Chap te r  í )  a  su rvey  i s  g i ven  o f  t he  p r i nc ipa l  p rope r t i es ,o f
p t a s m i d s .  I n  t h e  C h a p t e r s  2 , 3 , 4  a n d  5  t h e  f a t e . o f  a  m u t a n t
p lasmid i .n  a p lasmid populat ion is  invest igated.  A mutant
wi l l  in  most  cases be i -ncompat ib le to the corresponding wi ld-
type p lasmid,  because a p lasmid and i ts  mutant  most ly  use the
same mechanism to regulate thei r  repl ieat ion and par t i t ion-
i ng .
F i r s t  t he  ques t i on  i s  anÈwered  whe the r ' one ,  two  o r  t h ree
incompat ib le p lasmids,  which exclude eaèh other  complete ly ,
can  coex i s t .  I n  Chap te r  2  t h i s  i s  done  fo r  p lasm ids  i n  a  bac -
ter ia l  populat ion kept  in  a chemostat  and in Chapten 3 for
t he  case  tha t  t he  bac te r i a l  popu la t i on  i s  pe r i od i ca l l y  t r ans -
ferred to fresh medium. It appears that under both growth
condi t ions two p lasmids may be able to eoexist  i f  one of  t .hern
has a h igher  t ransfer  rate,  whereas baeter ia,bear ing the
other  p lasmid possess a h igher  growth rate.  In  a chemostat
the concentrat ions of  both p lasmids wi l l  converge to s table
equi l ibr ia  concentrat ions.  In  a per iodical ly  t ransferred bac-
ter ia l  populat ion the f requency of  p lasmids may osci l la te,
both when onè plasnid type is present and when two plasmid
types are compet ing.  Three p lasmids are able to coexist  under
nei ther  growth condi t ions.
Occasional ly  p lasmid mutants wi th a d i f ferent  t ransfer
rate wi l l  ar ise.  I t  is  assumed that  as the t ransfer  rate of
the p lasmid mutant  is  the h ighen,  the more negat ive the ef -
fect  of  the p lasmid on the growth rate of  i ts  bearer  wi l l  be.
In that  case select ion u i l1  u l t inate ly  l -ead to the establ ish-
ment  of  a p lasnid wi th an opt inal  t ransfer  rate,  or  to  a ,
s i tuat ion in  which two p lasrn ids,  one wi th a h igh t ransfer
ra te  and  the  o the r  non -con juga t i ve ,  w i l l ' coex i s t .  The  f i r s t
s i tuat ion wi l l  occur  i f  the re lat ion between the t ransfer
rate and the bacter ia l  growth rate is  convex,  and the second
l  U q
tu
i f  t h i s  r e l a t i o n  i s  c o n c a v e  ( s e e  f i g . 2 ,  p .  l 0 ) .
Plasmids of ten exclude other  incompat ib le p lasmids f rom
thei r  hosts by changing sone of  the bacter ia l  membrane prop-
e r t i es .  Th i s  change  has  p robab fy  a  nega t i ve  e f f ec t  on  the
bacter ium. Since surv iva l  and growth of  the bacter ia l  host
are of  great  importance for  the surv iva l -  and spread of  the
p lasm id ,  a  p rope r t y  d i sadvan tageous  fo r  t he  bac te r i a l  hos t
tends a lso to be detr imenta l  to  the p lasrn id.  So i t  can be
asked why p lasmids exclude other  incompat ib le p lasmids.  This
ques t i on  i s  dea l t  w i t h  i n  Chap te r  4 .  I t  appea rs  t ha t  exc lu -
s ion is  advantageous for  a p lasmid i f  i ts  t ransfer  rate is
h igh and l ts  copy number low.  For  p lasmids wi th a h igh copy
number  exc lus ion  does  no t  seem to  be  p ro f i t ab le  s i nce  the
enter i -ng p lasmid wi .11 probably d isappear out  of  the major i ty
of  the descendants of  the invaded bacter ium by incompat ib i l -
i t y  seg rega t i on .
Many p lasmids regulate thei r  abi l i ty  to  induce t ransfer .
P lasm ids  have  on l y  an  e f f i c i en t  t r ans fe r  i n  new ly  i n fec ted
hos ts .  A f t e r  seve ra l  gene ra t i ons  i n  a  bac te r i a l  ce l1  l i ne ,
the abi l i ty  to  t ransfer  becomes repressed.  In Chapter ,  5 the
dynamics  o f  t r ans fe r  regu la t i on  i s  mode l l ed ,  bo th  i n  a  chemo-
stat  and in a bacter ia l  populat ion wi th ser ia l  t ransfer .  f t
appears that  compet i t ion between a t ransfer  regulat ing p las-
mid and i ts  mutants in  a chemostat  wi f l -  l -ead to a s i tuat ion
of  neutra l i ty  for  a non-regulat ing p lasnid,  prov ided that
the  ab i l - i t y  t o  reguJ -a te  t r ans fe r  has  no  eos ts .  I n  t he  case
where  bac te r i a ,  bea r i ng  non - regu la t i ng  p lasm ids ,  have  a
sl ight ly  h igher  growth rate than bacter ia bear ing derepressed
r e g u l a t i n g  p l a s m i d s  ( i . e .  i f  r e g u l a t i o n  h a s  s o m e  c o s t s ) ,  t h e
non - regu la t i ng  p lasm id  w i l l  even tua l l y  w in .  I n  a  se r i a l l y
t ransferred bacter ia l  populat ion opt imal  regulat ion dynamics
ex i s t .  A  regu la t i ng  p lasm id  w i th  op t ima l  regu la t i on  i s  ab le
to  compe te  success fu l l y  w i t h  a  non - regu la t i ng  p lasm id ,  even
i f  r egu la t i on  has  some cos ts .  How g rea t  t he  cos ts  o f  r egu la -
t ion may become wÍ thout  regulat ion becoming d isadvantageous,
depends  on  seve ra l  f ac to rs .  One  o f  t hese  i s  t he  ex ten t  o f
the envi ronmental  d i f ferences the p lasmi.d has to cope wi th
du r i ng  i t s  s tay  a t  each  g row th  s i t e .  More  pa r t i cu la r l y ,  how
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T h e  d y n a m i c s  o f  c o m p e t i t i o n  b e t w e e n  c o m p a t i b l e  p l a s m i d s
d i f f e r s  f r o m  t h o s e  o f  i n c o m p a t i b l e  p l a s m i d s .  C o m p a t i b l e  p l a s -
mi -ds  o f ten  do  no t  exc lude each o ther  and f rom the  mor , ren t  they
a r e  c o m b i n e d  i n  a  b a c t e r i u m  t h e y  s t a y  t o g e t h e r  i n  t h a t  b a c -
t e r i a l  c e l l  l 1 n e .  I n  C h a p t e y  6  L h e  c o m p e t i t i o n  b e t w e e n  c o m -
p a t i b l e  p l a s m i d s  i s  a n a l y s e d .  I t  a p p e a r s  t h a t  i t  i s  p o s s i b l e
f o r  a t  - L e a s t  t h r e e  c o m p a t i b l e  p l a s m i d s  t o  c o e x i s t ;  t h i s  p r o b -
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n q n  n n a w i  q t  q l  t l r n r r o h  n n a  a f  i - h c m  i  q  q r r n c n i  n n  i n  f  h o  n f  h o r
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i . e .  w h e n  i t  h a s  a  h i g h e r  t r a n s f e r  r a t e  a n d  i t s  b a c t e r i a l -
h o s t  h a s  a  h i g h e r  g r o v l t h  r a t e ,  S o m e t i m e s  i t  d e p e n d s  o n  t h e
i n i t i a l  p l a s m i d  c o n c e n t r a t i o n s  w h i c h  e q u i l i b r i u m  c o n c e n t r a -
t ion  w i l l -  be  reached.  l r lhen  a  bac ter ia l  popu la t ion  car ry ing  a
p l a s m i d  i s  i n v a d e d  b y  a  s e c o n d  c o m p a t i b l e  p l a s m i d ,  u r h i c h  i s
s l i g h t l y  s u p e r i o r  t o  t h e  r e s j - d e n t  p l a s m i d ,  i t  m a y  o c c u r  t h a t
t h a  l c s c  f i t  n l e s m i d  u r h - i e h  u r t s  n r ê s ê n t  f i r s t  n ê m a j
,  -  - ^ .^ * rns  pre-
d o m i n a n t .  T h e  c o m p e t i t i o n  b e t w e e n  t w o  ( o r  t h r e e )  c o m p a t i b l e
p l a s m i d s  c a n  b e  c o n s i d e r e d  a s  a n  e x a m p l e  o f  t h e  p o s s i b i l i t y
o f  s t a b l - e  c o e x i s t e n c e  o f  t v l o  ( o r  t h r e e )  s p e c i e s  i n  t h e  s a m e
n i c h e .
In  Chapter  7  some unans l Íe red  ques t ions  about  p lasmid  dy-
n a m i c s  a r e  d i s c u s s e d :
-  l { n r ^ r  q n c  i : h p  n n n r r ' l  a i ' i o n  d r r n n m i e s  n f  n n m n p t i n s  i n e o m n : J : i h l c
P v y s f  s  v f  v r .  s J
n l : s m ' i r l s  e f  f c n t a d  h r r  i n n n m n " l  e i c  g q p f g g e  e x c l U s i O n ?
v r q u l r r u u  w v u  v J  r r r v v l r y 4 !  v u  '
-  Is  the st ructure of  the p lasmid genome arb i t rary or  in f lu-
e n c e d  h v  s e l  e e f , i o n ?
-  l r l h r r  d o  n l  q  c m - i  d s  c À ? p v  q o  o f  J : e n  o ê n ê s  n n d i  n o  f o r  n n o n e n i i  o s
v + s v r [ + v v  v e f  r J  v v
which  are  on ly  once in  a  wh i le  favourab le  fo r  bac ter ia?
-  H o w  a r e  t h e  ( t h e o r e t i c a l )  c o n d i t i o n s  f o r  p l a s m i d  s p r e a d  i n
n a t u r e  a f f e c t e d  b y  t h e  a b i l i t y  o f  a  p l a s m i d  t o  r e g u l a t e
i t s  t r a n s f e r  r a t e ?
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